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Several reports point out the benefi
cial effects of higher dietary supplements
of B vitamins on the efficiency of protein
utilization. The literature on the subject
has been extensively reviewed in recent
communications from this laboratory (Mar-
fatia and Sreenivasan, '60a, b; Fatterpaker
et al., '60; Wagle and Sreenivasan, '61).
These studies have shown that B vitamins
at optimal levels improve utilization of pro
tein in growing rats fed diets containing
single and mixed proteins. These observa
tions have been extended to demonstrate
the effects due to vitamin Bu and folie
acid, and the impairment in growth and
nitrogen retention in rats arising from split-
feeding of protein and carbohydrate com
ponents of the diet, as well as from inter
mittent feeding of high and low protein
diets. These could be offset by using an
optimal supplement of B vitamins in the
diet. Studies with protein-starved rats have
demonstrated that the turn-over of liver
and plasma constituents is influenced by
the levels of certain B vitamins, more spe
cifically of folie acid and vitamin Bis(Wagle and Sreenivasan, '60).
Our knowledge of the optimal require
ments for essential amino acids for labora
tory animals and man and of the amino
acid content of dietary constituents makes
it possible to supplement diets with amino
acids deficient in them (Sure, '53, '57a;
Westerman et al., '57). Likewise, small
supplements of a high quality animal pro
tein have been used frequently in diets to
make up the nutritional deficiencies in lowquality proteins (Sure, '57b, c; Westerman
et al., '57; Deshpande et al., '55).
The object of the present investigation
was to assess the effects of B vitamin,
amino acid and high quality protein sup
plementation of a poor quality diet typical
of that consumed by low income groups
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of South India. This diet, conforming to
the average local practice, included rice
and a legume (Cajanus indicus) as major
constituents with leafy and nonleafy vege
tables, milk and also condiments in quan
tities as normally used. The cereal :legume
proportions were blended to give diets con
taining two protein levels.
EXPERIMENTAL AND RESULTS
In all experiments, Wistar rats of either
sex were housed individually in raised
mesh-bottom cages, with access to the diets
in excess quantities and in scatter-proof
cups.
Two isocaloric diets containing 6.8%
(diet 1) and 10.2% (diet 2) of total pro
tein as determined by analyses for total
nitrogen by the Kjeldahl method were pre
pared. The composition of these diets is
presented in table 1. Rice and legume
(Cajanus indiens) contributed 5.22 and
1.15% respectively, of protein to diet 1
and 2.62 and 6.90% protein to diet 2, the
rest of the protein being derived from the
other constituents of the diet. The vege
tables were macerated and blended with
the other ingredients. The diets were
steamed for one-half hour in an autoclave
and later dried under vacuum at 70Â°C for
5 hours. The dried material was pulver
ized and stored in the cold for use.
The B vitamins, where provided, were
added at one of two levels (table 1), which
corresponded to the optimal (high) and
minimal (low) requirements of these vita
mins for the growing rat (Marfatia andSreenivasan, '60a).
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TABLE l
Composition of the rice-legume diets1
ComponentsMilled
whitericeLegume
( Cajanus indicus)Fresh
milkNonleafy
vegetables2Leafy
vegetables3Spice
mixture*Arachis
oil5Sucrose
or vitaminized sucroseDiet
1gm74.05.05.08.02.02.52.51.0Diet29m36.530.010.010.05.02.55.01.0
Vitaminized sucrose (B -vitamins per gm
of sucrose)
Thiamine-HClRiboflavinPyridoxine-HClCa
pantothenateNiacinBiotinFolie
acidVitamin
BiaInositolCholine
ClHigh
levelmg0.30.40.31.02.00.050.10.01520.020.0Lowlevelmg0.0150.0150. 150.1 .1â€”0.003â€”5.05.0
' Where vitaminized sucrose was added, addition of
B vitamins was made either at high or low level as
indicated.3 Consisting of edible portions of eggplant (sotanum
melogena) and okra (Hibiscus esculentus) in equal
proportion.
3 Consisting of amaranth (Amaranthus gangeticus)
and spinach (spinacia olerÃ¡cea) in equal proportion.
* Consisting of (parts): sodium chloride, 1; tama
rind fruit pulp, 0.7; pepper, 0.1; chillies, 0.1; turmeric,
0.1; and cinnamon, 0.1; with additions of calcium(as calcium lactate) and iron (as ferrous ammonium
sulphate) at levels of 50 and 2 mg, respectively, per
100 gm of the spice mixture.5 Fat-soluble vitamins: a - tocopherol, menadione,
vitamin A acetate and vitamin D (calciferol) were
added to the diet in amounts (per 100 gm diet) of
5, 1, 0.31 and 0.0045 mg, respectively.
The diets were analyzed for their essen
tial amino acid content. One-gram sam
ples were hydrolyzed in 25-ml sealed glass
bulbs with 10 ml of 6 N HC1 for 10 hours
at 15 p.s.i. The hydrolysates on cooling
were filtered and adjusted to pH 7.O.
The essential amino acids, other than
tryptophan, were assayed microbiologically
according to Barton-Wright ('52). Trypto
phan was determined in enzymic digest
of the diets. Samples equivalent to one
gram of protein were suspended in 50 ml
of water and, after adjustment of the pH
to 1.5 with 6 N HC1, the suspensions werehydrolyzed with 10 mg of pepsin3 at 37Â°
for 18 hours. Hydrolysis was continued
with 10 mg of trypsin4 at 40Â°for 24 hours
after addition of 3 gm of KHSPO4and ad
justment of pH to 8.4 The hydrolysate
was finally neutralized and washed with
ether to remove indole, anthranilic acid,
etc., made to volume and filtered. Assay
of tryptophan in the filtrate was according to Barton-Wright ('52). The results
are tabulated with the amino acid require
ment for normal growth in the rat (Rose,
'37) (table 2). Diet 1 is deficient in all
the essential amino acids except arginine
and valine, whereas diet 2 is limiting in
only three amino acids â€”methionine, ly
sine and tryptophan.
Data on food consumption and body
weight were recorded during the 8-week
period. The liver analyses for total and
nonprotein nitrogen and total lipids, as
well as determinations of total and non-
protein nitrogen in blood plasma, were
carried out at the end of each experimental
period according to methods detailed else
where (Marfatia and Sreenivasan, '60a).
The protein-free filtrates of plasma were
used in one experiment for the assay of
free essential amino acids; the filtrates
were treated for this purpose in the same
manner as were the diet hydrolysates.
TABLE 2
Essential amino acid composition of the
rice-legume diets1
Amino acidzRequire
mentDiet
1 Diet 2 â€žâ€žâ„¢aigrowth(Rose,
'37)Percentages
ofdietArginineHistidineIsoleucineLeucineLysineMethioninePhenylalanineThreonineTryptophanValine0.440.190.380.520.350.30.480.30.080.90.80.380.660.780.80.40.960.640.081.30.20.40.50.81.00.60.70.50.20.7
1 Leuconostoc mesenteroids P 60 was used for the
assay of lysine, histidine, methionine and phenylala-
nine; Lactobacillus arabinosus 17-5 was used for the
assay of tryptohan, leucine, isoleucine and valine;
arginine and threonine were assayed using Strepto
coccus faecalis.2 L-forms of lysine, histidine and arginine and
DL-forms of methionine, tryptophan, threonine, phenyl-
alanine, leucine, isoleucine and valine were used as
standards. Values expressed are, however, in terms of
the L-amino acid (50% in the case of racemic stand
ards).
3 Nutritional Biochemicals Corporation, Cleveland.Â«See footnote 3.
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Supplementation with B vitamins. Wean
ling male rats weighing 40 to 45 gm were
used in a pilot experiment. The animals
were divided into 4 groups of 6 rats each
and fed diets 1 and 2 supplemented with
B vitamins at the high level or unsupple-
mented. Although significant increases in
the growth rate and in the efficiency of pro
tein utilization were obtained by increasing
the level of dietary protein, or, at the high
protein level, by increasing the B-vitamin
concentration, the diets failed to support
good growth in general (table 3). This
effect could be attributed to the poor over
all quality of the protein in these diets; and
since the amino acid requirements of im
mature animals for optimal growth are
more exacting than those of young adult
ones for normal growth ( Hegsted and Wor
cester, '47), the above experiment was re
peated using male rats of 90- to 95-gm
initial weight 6 to a group. Data were also
obtained in this experiment on total and
nonprotein nitrogen in the liver and non-
protein nitrogen and free essential amino
acids in blood plasma. Results on protein
efficiency ratio and liver constituents are
included in table 3. A marked over-all im
provement in growth may be seen from
this table. Increased protein concentra
tion and vitamin supplementation consid
erably enhanced both growth and protein
efficiency ratio. There was also a striking
increase in the liver total nitrogen concen
tration as a result of increasing the dietary
protein level; vitamin supplementation
produced relatively small gains. The liver
nonprotein nitrogen concentration was not
influenced by the dietary protein level but
was reduced as the diet was fortified with
B vitamins. There was a decrease in non-
protein nitrogen in the rats fed the high
vitamin diets, the effect being more at the
high protein level (table 4). These changes
were associated with significant reductions
in plasma levels of histidine, methionine
and threonine. It may be noted that, as
a result of increasing the dietary protein,
the concentration of every amino acid in
the plasma was also increased when the
diets were not supplemented with B vita
mins; in the presence of B vitamins, reduc
tions in methionine and threonine con-
trations were observed despite raising the
protein level.
toatÂ«.M"3QaÃ¼3oajaQâ€¢*Â»IÂ§3Sefficiency
;Ss11â€”1s
oÂ§IgSico.8SSÂ«â€¢eeQâ€¢sâ€¢o^
ouute
W(AH5s
â€¢attuÂ¡L||c
S3MÂ¡2
'S8frgt,Â«â€¢Ã¤K]>â€”
<v"o
Â°1tÃ-sPUvÃ¤UHÃ•â€¢LWEâ€¢hS
-8-8
1 Â§2S<".S1â€¢j4*|.sp.
05"S
co â€¢Â§1gio
co 2
o ooOi
O Ã– Ã–O'Ã¤+l tl +1+1g
in co ^cici
ci eicif^
00 ^COSÃ¶ Ã¶ o"oâ€¢5+1
+l -fl+lo>
co >H ^ r-
t i-i in oic (N
(N (NCOSS
8So"Ã¶ Ã¶o+1
+1 +1+1(N
rt 00t-oq
PH qcoÃ“
t-( T-trHa
<N n; coin500
o Ã¶
>+l +1 +1 +1t oo t- m Â«t
a 10 cd iocoi-i
CO <OOico
co ci in
6 +1 +1 +1+10(N CO i-IoÃ²
cri ^ oâ€¢HIN coinSO
io r-
q ooo
o oÃ¶+1
+1 +1+1t-t- co o
r-; q qinO
rH rHfH3)
CÃ• CO CiCO.2
Ã¶ Ã¶ Ã¶o>+l
+1+1+16
co T-I o;co
^ co^in
O5 ^Tf1C
rjÂ« COCOe
+i ti -ii+iÂ«
q t-; oooor-<
(O COCOrt
il ciCO1
+ 1+$
00 00 Metco
co Ã¶oIH
rH&^9gCdÂ§â€¢-B
SSÂ«
.25tuâ€¢"^S
oÂ°S
â€žsÂ«SSaÂ£n
**2â€¢8
*58
IsÃ®Ã¯Ã¯.
Bft003a
_Ptini,m>ru
umed.
reexpressecof6iats/g]â€¢Â»â€¢â€¢ila*â€¢
Â«i|
.1Â«.&MÂ«d0aV1
J1
1-1Â°is|=â€¢2Â°-Â£
^rt|.aSslÂ°-
â€”lHV
V'?A.SM'Â«S'a
M!llM
rta,eS-c*pÂ¿^
rt"â€¢JN
 by guest on April 19, 2011
jn.nutrition.org
D
ow
nloaded from
 
â€”H3I$OÃ–1gtoI1a8G111Â¡gfc.3iI110)SÃŒ11a
."Â§13**Â«
OifcKfl"I>z
tifcÂ¿"
Pi^Ui1â€¢y1-3fl1a111HM
3
rHÂ«1(AXÃ¬5Ã–Â«tÃ-Â¿1|S1^*
fl**
"5JiiÂ§o""â€¢^.1oo"â€¢"â€¢Â»O)Ã•OOml01100
mlÂ»p1Â§v*
OÃ¯s11o;pf^6
Â§rHO)mg/100
mi1Â§rH^n1
Â§t^i1Â§Â«-<Ã¬*CNotlC-ImcirHÃ“tl00fHrH0
tlqinfH
OtlrHrH0citl
oo00+1rHCHinmdtl(SCO,-H0.58
Â±0.09rHOotlsoÂ§citl3ciCÃ‘fHtl0t><N1COcorH
CO0tlcocicootlrH<NfHOâ€¢HScoVH
(N0tl5iâ€”
iSotl0rH
0)citl55IOcoo
otlco
inIH
rHO+1fHCOosotlÂ«
VciÂ±0.08ci00otl00s+00co3oIIrHO)ci00
fHotlIHU)rHrHCN
Ã–
+1O)inÂ±0.36rHciÂ§otlssoiH
COotlCNcocorH
OtlCN
000.72
Â±0.060 ¶tlS
Ã¶fHo
â€¢Hci^!rH
tlt>1CiofHCO
CIotlcocoIHoâ€¢Hooâ„¢fHiHÃ–tlCN
00ciÂ±0.36rHcisotlrH0s?otlsCDO)IHcitlrH
CO0.68
Â±0.08rHqcitla>
in
Ã¶rH
(M6tlIH
COciO)otl|H
(N+(NÃ–
rHÂ«VÂ£1\^w|fiUasÃ¡
.3
-2Â§
Â¿51d
â€”35 S0RU
8Å“T3
Â»S'S
"rHÂ«frt
O >c3Og <u"O1
s4Â«832+1
&S5SE^?A
s %SÂ«
.s -S2WQ
SS
N w 2v'sÂ¿
3 Ã¨-a
B S 5Â§â€¢aAÂ«nd
argininear phenylalanine,expressedare,ther cemics!
.Â«KÂ«0> 4)wÂ«
" S3IIÂ«:Â»
Ã¨s1lu*'
Â§ -tÃ-'Sfl
S**Â»
o rt Â«HÂ»O*2 o
H Â«uij'jjÂ«2
*o Â«
 by guest on April 19, 2011
jn.nutrition.org
D
ow
nloaded from
 
PROTEIN UTILIZATION AND B VITAMINS 203
Diet 1 was eliminated from subsequent
experiments owing to its general poor qual
ity, diet 2 serving as the basal ration in
these studies.
Amino acid supplementation and B vita
mins. Female rats weighing 90 to 95 gm
were divided into 6 groups of 6 rats each.
One group was fed the basal 10.2% protein
ration (diet 2) without additional supple
mentation of B vitamins. Another group
subsisting on this ration received supple
ments of L-lysine (0.2% of diet), DL-methi-
onine (0.4% ) and DL-tryptophan (0.24%).
The remaining 4 groups subsisted on the
above rations as supplemented with B vita
mins at high or low levels (table 1). Data
were obtained on protein efficiency ratio
and on liver content of total and non-
protein nitrogen and total lipids (table 5).
The efficiency of protein utilization was
improved to a greater extent with amino
acid supplementation than with the B-
vitamin supplement. The animals fed the
amino acid-supplemented diet were further
benefited by incorporation of B vitamins
in the diet. The gains in liver total nitrogen
due to B vitamins alone were again small,
whereas with amino acid supplementation,
these were appreciable. A further increase
in liver nitrogen content was obtained
when the diet was supplemented with both
amino acids and B vitamins at a high level.
The nonprotein nitrogen constitutents were
apparently not significantly affected by en
riching the diet with amino acids. How
ever, with even a low level of B vitamins
added to the enriched diet, there was a
marked reduction in liver nonprotein nitro
gen. With both high and low level supple
ments of B vitamins the change in non-
protein nitrogen was of the same order.
There was a small but significant decrease
in liver lipids when the basal ration was
supplemented with B vitamins, the change
being of equal magnitude at high- or low-
level supplementation. A marked decrease
in lipids was brought about by amino acid
supplementation and, still further, when
additional B vitamins were provided at the
high level.
Egg albumen supplementation and B
vitamins. In another set of experiments,
egg albumen replaced 2% of the total
legume proteins (6.9% ) in the basal ra
tion. The basal ration (diet 2), and also
the modified ration, were supplemented
with B vitamins at the two levels, high and
low. Four groups of male rats, with 6 rats
of approximately 95-gm average weight per
group, subsisted on these rations for 8
weeks.
The results indicate a marked increase
in the efficiency of protein utilization fol
lowing egg albumen substitution (table 6).
The magnitude of the increase in the pro
tein efficiency ratio obtained by raising
the dietary B-vitamin level was, however,
somewhat lower in the animals receiving
egg albumen than in the control animals.
These results are substantiated by data on
the liver constituents. The B-vitamin level
had no significant influence on these con
stituents in the modified ration containing
egg albumen. On the other hand, there
were significant reductions in liver non-
protein nitrogen and liver lipids when the
vitamin level in the basal ration was in
creased; also there was a small but signifi
cant increase in liver total nitrogen. With
egg albumen there was also a marked de
crease in liver lipids and in liver nonpro
tein nitrogen and improvement in protein
nitrogen content of the tissue.
DISCUSSION
The improvements in growth rate ob
tained with B-vitamin supplements might
indicate that the basal diet was lacking in
one or more of them; however, no syn
dromes of any B-vitamin deficiency were
manifest. The adult rat can, it is known,
survive in a reasonably healthy state on
very low amounts of certain B vitamins(Miller and Baumann, '44). On the other
hand, increased intakes of B vitamins have
been shown to result in improved growth(Sure and Romans, '48; Sure, '50; Marfatia
and Sreenivasan, '60b). The observed in
crease in protein nitrogen and decrease in
nonprotein nitrogen constituents in the
liver with a higher intake of B vitamins
are again indicative of a more efficient pro
tein utilization. Vitamin supplementation
also lowers concentrations of plasma non-
protein nitrogen and certain free amino
acids. Similar observations (Charkey et al.,
'50, '54) with chicks in relation to vitamin
Bu have been interpreted to suggest a func
tion for the vitamin in anabolic processes,
probably involving channeling of amino
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PROTEIN UTILIZATION AND B VITAMINS 205
acids into tissue protein synthesis. In
chicks, an effect of dietary vitamins in
lowering certain plasma amino acids, while
raising others, has been reported by Rich
ardson et al. ('53). The decrease in plasma
concentrations of histidine, threonine and
methionine with the vitamin supplementa
tion would imply either that the vitamins
have a direct functional significance in the
metabolism of these amino acids or that a
general imbalance of amino acids, reflected
in plasma concentrations, is offset, at least
to some degree, by higher intake of the
B vitamins; it is possible that both causes
may be simultaneously operating.
The improvement in growth resulting
from supplementation of the diet with its
deficient amino acids occurred as expected.
Similar nutritional improvements have
been observed by others with rice diets(Pecora and Hundley, '51; Pecora, '53;
Harper et al., '55). The observed effects of
the B vitamins in the presence of the de
ficient amino acids could mean that for
the B vitamins to function, a certain ade
quacy of dietary amino acids is essential.
Probably one aspect of this function is the
better utilization of histidine, methionine
and threonine as suggested by decreased
plasma levels of these amino acids in the
previous experiment.
Accumulation of fat in the liver has been
suggested as due to the presence of amino
acids in the diet in proportions that can
not be utilized by the animal for protein
synthesis, the unutilized amino acids con
tributing to lipogenesis (Harper et al., '55).
Partial deficiencies of lysine and threonine
have been characterized by such liver fat
accumulation (Harper et al., '53; Singa!
et al., '53). Hence, correction of amino
acid deficiencies in the diet may be ex
pected to result in the observed lowering
of liver fat. The B vitamins at both high
and low levels seem to have relatively
little influence on liver lipids. Sarett andPerlzweig ('43) also observed that B-vita-
min supplementation of a low protein diet
had little influence on liver lipids.
The increased growth obtained with
partial substitution of egg albumen for
legume protein in the rice legume diet is
obviously the result of an improvement
in protein quality. The capacity of a pro
tein to promote growth depends essentially
upon the adequacy with which the quan
tity and proportions of the amino acids
made available by digestion and absorption
match the quantity and proportions needed
for tissue synthesis and repair. Similar
responses in growth have been observed by
other workers (Harper et al., '55) using rice
diets supplemented with small amounts
of animal protein. In fact, supplementa
tion with animal protein was much su
perior to that with essential amino acids,
the latter often causing imbalances (Desh-
pande et al., '55). Kik ('56) has demon
strated that fish flour in small quantities
added to a rice diet is beneficial for growth.Carpenter and his associates ('57) also re
ported that fish flours make effective sup
plements to cereal diets.
The increased growth obtained with the
optimal level of B vitamins would indicate
the inadequacy of dietary intakes of vita
mins when the diets are supplemented with
minimal quantities of vitamins. With addi
tion of egg albumen and consequent im
provement in the over-all protein quality,
the effects due to vitamins were less pro
nounced. Similar observations have been
reported earlier from this laboratory using
wheat flour-gluten and wheat flour-egg
albumen diets (Marfatia and Sreenivasan,
'60).
SUMMARY
The rice-legume diets typical of those
consumed by a large section of low-income
groups in India were prepared to contain
6.8 and 10.2% of protein and fed to rats
for 8 weeks.
Although the diets failed to support good
growth in weanling rats, growth was appre
ciable with young adult rats, and was fur
ther improved by B-vitamin supplementa
tion. There were significant reductions in
plasma levels of histidine, methionine and
threonine in the B-vitamin supplemented
group. The amino acid analysis of the
diets indicated that the 6.8% protein diet
was deficient in amino acids other than
arginine and valine, whereas the 10.2%
protein diet was deficient in methionine,
lysine and tryptophan.
Supplementation of the 10.2% protein
diet with the deficient amino acids im
proved the efficiency of protein utilization
and additional B vitamins at high or low
levels further enhanced the effect. Amino
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206 D. S. WAGLE, V. B. MITBANDER AND A. SREENIVASAN
acid supplementation of the diet also re
sulted in a greater decrease in liver lipids
than occurred with the B vitamins.
Incorporating egg albumen at a 2%
level resulted in marked gains in weight.
The effects of B-vitamin supplementation
were more pronounced with the basal diet
than with the diet supplemented with egg
albumen. These results were discussed
in terms of amino acid requirements and
amino acid-vitamin relationships.
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